There has recently been a controversy regarding logarithmic corrections to the area law of the black hole entropy: different approaches give different negative corrections, some with a coefficient 3/2, some with 1/2. It is pointed out here that the standard quantum geometry formalism is consistent with 1/2 but not with 3/2.
It has long been argued that the area of the horizon of a black hole can be interpreted as its entropy [1] . This was not initially understood according to the Boltzmann definition of entropy as a measure of the number of quantum states of a black hole, because of the absence of a proper quantum theory of gravity. As a first step, however, considering gravity to be a statistical system, the naïve Lagrangian path integral was seen quite early to lead to a partition function from which the area law of entropy was obtained [2] in the leading semiclassical approximation ignoring all quantum fluctuations. Subsequent support was obtained from considerations of quantum fields in black hole backgrounds [3, 4] . The entropy calculated for the fields may be regarded as an additional contribution to the entropy of the black hole -matter system, and the gravitational entropy of the black hole itself may be imagined to get modified in this way. In these field theory calculations the leading term has a divergent multiplicative factor with the area of the horizon. The divergence has been interpreted as unphysical, to be understood as a contribution to the bare or classical gravitational constant G, which is to be renormalized to a finite G R in the presence of quantized matter fields.
Recently some statistical derivations of the area law have appeared in more elaborate models of quantum gravity -in string theory [5] as well as in what is called quantum geometry [6] . Even though a universally accepted quantum theory of gravity is not quite at hand, both of these approaches yield the expected number of quantum micro-states of a black hole.
With the area law so well established for the entropy of large black holes, it is not surprising that even corrections to the area formula have been studied.
The area of the horizon of an extremal dilatonic black hole vanishes, and in this case the matter field approach was seen to lead to a logarithm of the mass of the black hole [7] in the expression for the entropy. For black holes with nonvanishing area, the logarithm of the area appears as a sub-leading term after the dominant term proportional to the area. The coefficient of the logarithm depends on the black hole and is 1/90 in the Schwarzschild case.
Logarithmic corrections to the gravitational entropy, with coefficients which are negative but bigger in magnitude, appeared later in many calculations. Many of these are based on conformal field theory techniques. One approach [8] starts with the quantum geometry formulation but eventually maps the counting problem to conformal blocks. Another [9] starts directly from the Cardy formula and looks for corrections to it. There have been variations on these themes [10, 11] all leading to a negative coefficient of magnitude 3/2. On the other hand, there has been another set of calculations leading to a negative coefficient with the smaller magnitude 1/2. Among these, one [12] actually uses the Cardy approach [9] , while others [13, 14, 15] use different ideas from statistical mechanics and string theory. In view of this disagreement, we decided to look at the coefficient directly in the quantum geometry approach [6] , i.e., without using the conformal methods employed earlier. Our result is a bound which is consistent with the value 1/2 but not with the value 3/2.
The calculation of black hole entropy from quantum geometry reduces to a counting problem [6] . Our notations are more or less as in [6] . We consider a surface H, having the topology of a two-sphere, and representing the intersection of a spherically symmetric isolated horizon ∆ and a Cauchy surface Σ. We visualize N punctures on it, with the number not fixed at this stage. Let the a-th puncture (a = 1...N ) carry a spin J a . Then H carries the N -tuple of spins : J = [J 1 , ..., J N ]. We choose units such that 4πγℓ 2 P = 1, where γ is the 'free' Immirzi parameter 0 < γ < ∞ and ℓ P is the Planck-length. One says that J for some 1 ≤ N < ∞ is permissible if the number |J| ≡ 2
where K is a fixed integer equal to the horizon area in the abovementioned unit and ǫ ≪ K is a real number. (1) shows that if any J a is zero, it does not contribute to the sum; furthermore, if any J a = ∞, it violates the bound. So only finite values are admissible. It is assumed in this approach that J a = 0 is also excluded. It may be noted that ǫ compensates for the failure of |J| to be an integer. Roughly, however, |J| ≃ K ∼ N , all of these being large quantities. For a permissible J, each puncture carries a representative vector space of dimensionality (2J a + 1) having the canonical basis |J a ; m a > where −J a ≤ m a ≤ J a . So, the net dimensionality of the representation or the quantum 'degeneracy of K' is
There is a further restriction to be imposed:
for each allowed configuration. So the physical 'degeneracy' is
(4) can be used to put an upper bound on d [6] :
However, we shall concentrate on a lower bound, which, as in [6] , can be obtained by considering only configurations of the type [1/2, ..., 1/2]. For these, |J| = N √ 3. Clearly, for ǫ ≥ √ 3 it is always possible to find an even N obeying (1). One chooses N to be even because of the restriction (3). As there have to be an equal number of up and down spins, the number of physical states is not 2
It may be noted that N < K, so mod K does not contribute to the counting. Thus, the entropy
An estimate of the right hand side (6) can be made (cf [6] ) with the modified Stirling approximation
One obtains
Now the two bounds on N can be exploited to obtain a bound on ln d.
Combining the two inequalities, one gets
(10) clearly shows, after translating into appropriate units, that the quantum geometry calculation yields a lower bound on the entropy of a spherically symmetric isolated horizon to be
In the above analysis, only punctures with spin J = 1/2 have been included. It is of interest to see what happens if other values of J are considered. If all punctures are associated with a common spin J, the contribution to the entropy turns out to be
If there are different values of J, the analysis becomes more involved. It is not difficult to see that the configurations with J = 1/2 dominate. If configurations with only J = 1/2 as well as configurations with only J = 1 are considered, the latter produce a correction to the entropy bounded by const.
which vanishes rapidly for large K. Thus the magnitude of the correction coefficient is bounded above by 1/2, and (11) is our final lower bound on the entropy. The popular value 1/2 for the logarithmic correction is consistent with this bound (11) , but the older value 3/2 resulting from conformal methods, whether starting from the Cardy formula or motivated from quantum geometry, is not.
In conclusion, we have derived a lower bound on the entropy of a black hole strictly following the quantum geometry formalism [6] . It is of interest to understand why this bound is inconsistent with the value obtained in [8] , which is also based on quantum geometry, but calculated through conformal methods. The condition (3), which originates from boundary conditions imposed on the isolated horizon [6] , requires only a projection of the spins to add up to zero. In the approach of [8] , weaker boundary conditions get imposed, corresponding to an enhancement of the 'gauge' symmetry from U(1) to SU(2) and a decrease in the number of 'physical' states. This is best seen in the counting in the second paper in [8] , requiring not just a projection of the total spin, but also its other components to vanish. This reduces the number of states slightly, leaving the dominant term unchanged, but changing the coefficient of the negative logarithm to 3/2 instead of 1/2.
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